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The intake of dietary fibre does not currently meet the recommendations in
many Western countries, and it is important to find new ways to increase
its intake. The aim of this thesis was to investigate whether providing foods
enriched with ß-glucan would be a feasible strategy for improving
consumers’ dietary fibre intake regarding the sensory properties and
consumer acceptance of these foods. ß-glucan is a good option for fibre
enrichment of foods because of its proven capability to reduce elevated
blood cholesterol levels and to balance blood glucose and insulin response
after meals.
The study showed that dietary fibre had a positive image among Finnish
respondents and it was considered important for health. Beverages and
soups with added ß-glucan were acceptable regarding their sensory
characteristics, thus being feasible carrier products for ß-glucan and
providing a possible non-traditional source of dietary fibre. Liking for the
products with added ß-glucan was the most important factor affecting the
willingness to use them, indicating that the sensory quality of products with
added dietary fibre with health benefits has to be acceptable, only then
consumers are willing to buy them.
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Abstract 
The intake of dietary fibre does not currently meet the recommendations in 
many Western countries. However, a diet abundant in dietary fibre has been 
linked with a reduced risk of many diseases, such as type 2 diabetes, colorectal 
cancer and cardiovascular disease. For that reason, dietary fibre can be 
considered as an essential component in a health-promoting diet and it is 
important to find new ways to increase its intake. β-glucan could be an effective 
type of dietary fibre when added into foods because of its proven health effects; 
it has been shown to reduce elevated blood cholesterol levels and balance blood 
glucose and insulin response after meals. 
Adding physiologically effective amounts of β-glucan into foods may be 
difficult as regards the processing and sensory quality of the foods, as consumers 
are not willing to compromise on taste in foods. The general aim of this thesis 
was to investigate whether providing foods enriched with β-glucan would be a 
feasible strategy for improving consumers dietary fibre intake. The more 
detailed objectives were to study Finnish consumers views on dietary fibre and 
possible obstacles to improving the intake of dietary fibre, the technical 
feasibility of a prototype beverage and a soup containing β-glucan as regards 
their sensory quality, and the consumer acceptance of these foods with 
information about their health effects in Finland, France and Sweden. 
The results showed that Finnish respondents (N = 125) considered dietary fibre 
important for their health, although it was not spontaneously mentioned as an 
element of a health-promoting diet. A group of respondents overestimated their 
dietary fibre intake compared to their actual intake as estimated using a fibre 
intake test. This misperception can be an obstacle to improving the quality of the 
diet. The respondents did not know what was the recommended intake of dietary 
fibre (in grams), but they could name relevant sources of fibre in the diet. 
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Adding oat or barley β-glucan into beverages and ready-to-eat soups affected 
their sensory characteristics by making them thicker and suppressing some 
flavour attributes with increasing concentrations of β-glucan, as evaluated by an 
experienced sensory panel. Low molecular weight β-glucan was easier to add 
into products at higher concentrations as regards the sensory characteristics. The 
importance of the high molecular weight of β-glucan in terms of its physiological 
efficacy, however, is important to consider. Freezing did not affect the sensory 
characteristics of soups containing β-glucan. 
Consumer acceptance of beverages and ready-to-eat frozen soups was studied in 
Finland, France and Sweden among over-40-year-olds (N = 1157). The results 
showed that a health claim gave a small additional value to beverages and soups 
with added β-glucan, but liking for the products was the strongest determinant 
for the willingness to use them. There were no differences between mens and 
womens willingness to use these foods. Respondents who were concerned 
about their blood cholesterol and/or glucose levels were more willing to use 
beverages but not soups with health claims. Only in Sweden were the elderly more 
willing to use beverages with health claims compared to younger respondents; 
while in Finland and France no differences were found between age groups in the 
willingness to use beverages. There were no differences between age groups in the 
willingness to use soups in any of the countries. It does not seem likely that 
consumers would be ready to pay much extra for functional beverages and soups. 
In conclusion, the present study demonstrated that Finnish consumers perceive 
fibre as being important for their health. Beverages and soups with added β-glucan 
were feasible regarding their sensory properties and thus would make potential 
carrier products for added β-glucan. β-glucan as an additional fibre source gave a 
small added value to beverages and soups but the taste of the products was the 
most important factor affecting the willingness to use these foods. Palatable fibre-
enriched foods could be a possible approach to increase fibre intake as part of a 
normal diet. Further research would be needed to investigate the actual role of 
fibre-enriched products in the total intake of dietary fibre. 
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1. Introduction 
In recent years, the increasing prevalence of public health problems related to a 
sedentary lifestyle has been widely discussed in developed countries. Obesity, 
type II diabetes and metabolic syndrome are becoming increasingly common 
health problems that require a lot of resources from the public health care system 
(WHO 2003). Lifestyle factors such as exercise, smoking, inappropriate diet 
quality and energy intake that is too high compared to energy consumption, in 
addition to hereditary factors, are key risk factors to these disorders. 
Additionally, as life expectancy is increasing, the well-being of the ageing 
population is a key target. 
Thus, diet is one of the lifestyle factors that can be improved in order to lower 
diet-related disease risk factors. Basically, European consumers know what 
elements belong to a health-promoting diet, more fruit and vegetables, less 
fat, balance and variety (Margetts et al. 1997), as recommended by 
nutritionists, but the increasing morbidity rates of diet-related disorders indicate 
that, in practice, peoples diet does not follow the recommendations. The role of 
government is to provide nutritional goals (Figure 1), but the general education 
or information campaigns are not necessarily effective enough as such in 
improving dietary habits. As an example, the five-a-day campaign, which 
encouraged an increase in the intake of vegetables and fruit to five portions per 
day, has not succeeded very well in the USA or in the UK (Lambert et al. 2002). 
On the other hand, it is the role of the food industry to provide appropriate 
products for consumers and also to communicate about the product benefits 
(Figure 1). Thus, the nutritional goals set by government or other authorities are 
at the level of the overall diet, while the food industry provides products and 
product-based information. The challenge for consumers is to gather a diet from 
the individual products available on the market, although the nutritional goals 
are at the level of the overall diet. 
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Role of the 
food industry
Role of the 
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 
 .
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Nutritional goals
Adjustment and 
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& product related 
information (e.g. health 
claims)  
Figure 1. Actors and responsibilities relating to consumers food choice. 
Among the many components of diet, the role of dietary fibre in health has been 
investigated in numerous studies. Intake of fibre has been associated with 
reduced risk of many diseases, such as colorectal cancer (Bingham et al. 2003), 
cardiovascular disease (Pereira et al. 2004) and type 2 diabetes (Meyer et al. 
2000). Therefore, it can be regarded as one of the key components in a health-
promoting diet. 
However, dietary fibre intake is not adequate in many developed countries and 
new ways to improve the intake should be invented. Dietary habits are changing 
and the consumption of ready-made foods has increased. This may lead to a 
decreased intake of dietary fibre if pre-prepared and processed foods contribute 
significantly to energy intake (Burns et al. 2002). At the same time, the 
consumption of traditional sources of fibre is decreasing. Therefore, one 
possibility is to add dietary fibre into foods that traditionally are not relevant 
sources of fibre in the diet, for instance, beverages. 
β-glucan, a water-soluble fibre in oat and barley, could be a good dietary fibre 
alternative to be added into foods because of its proven health effects. Oat has 
been shown to have a balancing effect on post-prandial blood glucose and 
insulin levels (Wood et al. 1994) and to lower blood cholesterol levels (Ripsin et 
al. 1992). However, adding β-glucan into foods may be problematic from the 
food processing and sensory quality point of view. β-glucan produces high 
viscosity (Wood and Beer 1998), which may be a difficult sensory characteristic 
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in foods. On the other hand, viscosity is crucial for the physiological efficacy of 
β-glucan (Wood et al. 1994). 
In order for consumers to benefit from the positive health effects, foods with 
high dietary fibre content must be bought and consumed regularly. How can the 
selection and use of foods with health benefits be enhanced? Taste is one of the 
most important factors affecting food choice (Glanz et al. 1998). Hence, taste 
and the overall sensory quality of foods must be faultless and acceptable. In 
addition, consumers need to be better informed about foods with a high dietary 
fibre content by providing appropriate and effective information about the 
benefits of the products. It is crucial to communicate about the health effects, 
because they are not readily evident in the product itself. In order to successfully 
do this, the factors behind consumers willingness to use modified foods must be 
identified. Specifically, in order to improve dietary fibre intake, consumers 
perceptions of fibre and the possible obstacles to improving the intake of fibre 
should be investigated.  
The general aim of this thesis was to investigate whether providing foods with 
added β-glucan would be a feasible strategy for improving consumers dietary 
fibre intake. 
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1.1 Dietary fibre in a health-promoting diet 
1.1.1 Definition and health benefits of dietary fibre 
Dietary fibre is the non-digestible part of plant food and it includes a group of 
different compounds of varied nature. Trowell (1972) defined fibre as the 
skeletal remnants of plant cells that are resistant to hydrolysis by enzymes. In 
2001 (Anonymous 2001), dietary fibre was defined as follows: Dietary fiber is 
the edible parts of plants or analogous carbohydrates that are resistant to 
digestion and absorption in the human small intestine with complete or partial 
fermentation in the large intestine. Dietary fiber includes polysaccharides, 
oligosaccharides, lignin, and associated plant substances. Dietary fibers promote 
beneficial physiological effects including laxation, and/or blood cholesterol 
attenuation, and/or blood glucose attenuation. 
Dietary fibre can be classified according to its water solubility. Soluble fibres 
include mainly gums, pectins and mucilages while the insoluble fibres include 
cellulose, hemicellulose and lignin. According to another classification based on 
the chemical structure, the constituents of dietary fibre are non-starch 
polysaccharides and resistant oligosaccharides, analogous carbohydrates (e.g. 
indigestible dextrins, synthesised carbohydrate compounds), lignin and substances 
associated with the non-starch polysaccharide and lignin complex in plants (e.g. 
waxes, phytate, tannins, saponins) (Anonymous 2001). Different fibre types are 
fermented by bacteria in the colon. Water-soluble fibres are usually almost 
completely fermented while insoluble fibres are only partly fermented. Another 
important characteristic is the water-retention capacity, with the pectins, 
mucilages and hemicellulose having the best capacity. 
Dietary fibre is collectively acknowledged to be one of the key factors in a health-
promoting diet as the link between intake of dietary fibre and the reduced risk of 
many diseases is established in several studies. Increased dietary fibre intake 
decreases serum cholesterol levels (Brown et al. 1999) and reduces the risk of 
cardiovascular diseases (Pietinen et al. 1996, Rimm et al. 1996, Jenkins et al. 
1998, Liu et al. 2002, Pereira et al. 2004). Intake of total dietary fibre (Bingham et 
al. 2003), especially from cereal and grain products (Hill 1998, Jansen et al. 1999) 
is also positively associated with a decreased risk of colorectal cancer and 
adenomas (Peters et al. 2003). However, a recent meta-analysis indicates a less 
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significant effect of dietary fibre on the risk of colorectal cancer (Park et al. 2005). 
Dietary fibre has also been proven to have a protective role in the development of 
diabetes (Meyer et al. 2000, Schulze et al. 2004). In addition, a high intake of 
dietary fibre is associated with increased frequency of bowel movements 
(Sanjoaquin et al. 2004) and it relieves constipation (reviewed by Dohnalek 2004), 
a condition that affects the quality of everyday life of many individuals. 
The mechanism behind the effect of dietary fibre on health is not fully 
understood, and the evidence is based on associations between the prevalence or 
incidence of a particular disease and the amount of fibre in the diet. A diet high 
in dietary fibre may be low in energy content, saturated fat content or alter the 
absorption of harmful substances from the food, which may also partly explain 
the effect of dietary fibre on health. In adults, it is unlikely that a diet would 
have too high a fibre content. However, a high fibre diet may cause flatulence 
(Bolin & Stanton 1998), which may be inconvenient. 
1.1.2 Recommended and current intake and sources of dietary fibre 
in the diet 
Alarmingly, the intake of dietary fibre in many Western countries does not meet 
recommendations and it is believed that its intake is still decreasing in many 
countries (Miller-Jones 2004). In Table 1 the intake and sources of fibre and the 
recommended intake in selected countries is described with the aim of describing 
dietary fibre intake in different Western countries. The data in these studies were 
mainly collected in the 1990s (with some in the 1980s) using different methods 
(food frequency questionnaire, 24-h recall, weighted records). Due to the different 
dietary methods used, differences in the methods used to analyse the dietary fibre 
composition of foods, and differences in study populations (size, age range), 
comparison of the values should be made with caution. In all these countries, 
dietary fibre intake does not meet either the recommendations of the WHO (World 
Health Organisation) or of the country itself. The WHOs recommendation for 
total dietary fibre intake is > 25 g/day (WHO 2003). Women tend to have more 
fibre-dense diets than men, although mens average intake of dietary fibre is 
usually higher because of the higher energy intake. For example, in a Finnish 
nationally representative study, the fibre density of mens and womens diets was 
2.5 g/MJ and 2.9 g/MJ, respectively, (Männistö et al. 2003). 
 18 
The main sources of dietary fibre in the diet are culture dependent and vary 
slightly between countries, but Table 1 shows that bread, cereals, vegetables and 
fruit and berries are the most important sources of dietary fibre. 
Apparent reasons for the decrease in fibre intake are a reduction in energy 
expenditure and food intake and changed eating habits. For example, in Finland, 
rye is a typically significant source of fibre and the consumption of rye products 
is the main indicator for high fibre intake (Valsta 1999). However, the 
consumption of rye per capita has decreased between 1970 and 2003 from 23.3 
to 14.6 kg/capita/year (Statistics Finland 2004). 
As intake of dietary fibre is positively associated with proven health benefits, 
there is a need to improve the intake. A traditional way of doing this would be 
to increase the consumption of high-fibre foods, such as wholegrain bread and 
cereals. A new way could be to add fibre to foods which traditionally do not 
contain dietary fibre, but which are consumed more and more in the current diet 
of many countries. For example, consumers interest in ready-to-eat foods and 
functional beverages is increasing (Sloan 2005), and their dietary fibre content 
could possibly be modified. 
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1.1.3 Consumers perceptions of dietary fibre and barriers 
to increase the intake 
In general, consumers have a positive perception of high-fibre products as 
regards their healthiness and nutritional value (Mialon et al. 2002). Dietary fibre 
is also recognised as an important target for modification in the diet. In an 
American study, 38% of the respondents reported having changed or to be 
currently changing their diet as regards fibre and 45% regarding fat (Auld et al., 
1998). In addition, women, older participants, the better educated and 
respondents with diet-related disease were more likely to have made changes to 
their diets. Among Europeans, those who had changed their eating habits in the 
past 3 years had most frequently increased their consumption of fruit and 
vegetables and water and decreased their consumption of fat, energy intake 
(calories) and sugar (European Opinion Research Group 2003). In the latter 
study, no questions were asked about changes in dietary fibre intake. 
Despite the positive attitudes of consumers towards dietary fibre, a lack of more 
detailed knowledge about dietary fibre and its sources in the diet has been 
observed in many studies. Whichelow (1988) found British consumers to have a 
lack of basic understanding of the term dietary fibre, because many of the 
respondents in her study believed that animal products were a source of dietary 
fibre. This was also the case in the study of Sobal and Cassidy (1993) among 
Americans. Less than one-third of the respondents could correctly classify at 
least eight foods according to their fibre content among ten food items of which 
five contained fibre and five did not (Whichelow 1987, 1988). The higher 
educated and females had a better knowledge of dietary fibre (Whichelow, 
1988). Doctors and nurses, as health professionals, also lacked a comprehensive 
knowledge of dietary fibre (Whichelow 1988), which is alarming as, according 
to recent research results, doctors, in particular, are very trusted information 
sources about health in European countries (Spadaro 2003). 
In some other studies, reasonably good consumer knowledge about dietary fibre 
has been found. American respondents could rate the fibre content of 40 foods to 
an extent that corresponded quite well to the chemical data about fibre content in 
the same foods (Sobal and Cassidy 1993). In Ireland, fibre intake from potatoes, 
vegetables, wholemeal bread and fruits was greater if the respondents attitude 
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towards fibre was positive (Barker et al. 1995), which indicates a knowledge of 
the sources of dietary fibre in a diet. 
If consumers are unsure about the sources of dietary fibre in the diet, they are 
unlikely to understand the dietary recommendations in relation to the grams of 
dietary fibre that they should consume daily and where and how to obtain this 
amount. Although the recommendations given in grams are basically targeted at 
food professionals and the recommendations given in food and portion levels 
(e.g. you need x pieces of bread per day to obtain sufficient fibre) are targeted 
at consumers, nevertheless in the public discussion about dietary fibre, e.g. in 
newspapers, grams are often used, which makes the message ambiguous for 
consumers.  However, the positive image of dietary fibre is an advantage when 
the aim is to increase its intake at the population level. 
Nutritional knowledge is associated with the intake of fat, fruit and vegetables 
and those in the highest quintile for such knowledge are more likely to meet the 
consumption recommendations of these components (Wardle et al. 2000). Thus, 
if consumers do not have sufficient knowledge of the sources of dietary fibre, it 
may be a barrier to the increase in the intake of dietary fibre in their diet. When 
the aim is to increase the current intake of dietary fibre, it is essential to clarify 
consumer perceptions and/or misperceptions of dietary fibre. This knowledge 
could help to provide suitable and effective information to consumers. A general 
message about fibre is not as effective as a tailored message, which is based on 
the individuals own present knowledge, beliefs and attitudes about fibre 
(Brinberg et al. 2003). In addition, although a general association between 
dietary fibre intake and its food sources is understood, the specific food sources 
of fibre may not be recognised (Cashel et al. 2001). Education campaigns alone, 
however, are not necessarily successful in improving dietary habits. The five-a-
day campaign in the USA and the UK since the 1990s encourages using a 
minimum of five portions of vegetables and fruit per day, but it has had a quite 
small effect on the consumption of fruit and vegetables at national level so far 
(Lambert et al. 2002). Consumers had difficulty in knowing what foods were 
defined as fruit and vegetables and what constituted a portion. 
Another obstacle to increase the intake of dietary fibre may be the palatability of 
products rich in dietary fibre. Berg et al. (2003) found that high fibre breakfast 
cereals and bread were perceived to be healthy but not necessarily palatable 
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among Swedish 11- to 15-year olds. In addition, the palatability of wholesome 
foods high in fibre is crucial in terms of compliance with a fibre-rich diet (Maier 
et al. 2000). The food industry could contribute to a health-promoting diet and 
possibly improve dietary fibre intake by providing tasty high-fibre products, 
which do not cost more than more refined grain products. 
A diet rich in dietary fibre may also cause flatus emissions (Bolin & Stanton 1998), 
which can be considered annoying. This may be a reason to avoid a diet rich in fibre. 
The development of the selection of foods in particular product categories may 
not have been favourable from the perspective of fibre intake. Consumption of 
fast food and ready-prepared foods has increased during the past decades all 
over the world. An Australian study found that the large proportion of energy 
coming from foods prepared outside the home was associated with a lower 
intake of dietary fibre (Burns et al. 2002). Of course the quality of these foods 
varies to a great extent and ready-prepared foods can also be wholesome and 
health promoting. However, if food habits are shifting towards frequent eating of 
more processed, ready-prepared foods, the lack of a variety of health-promoting, 
fibre-rich foods in this category may be an obstacle to increasing fibre intake. 
1.2 β-glucan as a source of dietary fibre 
β-glucan could be an appropriate dietary fibre alternative to be added into foods. 
β-glucan was selected because among fibres its health effects are the most 
extensively documented (e.g. a meta-analysis by Ripsin et al. 1992) and the use 
of health claims with β-glucan-containing foods is allowed in the USA (FDA 
2004), Sweden (Anonymous 2004), Finland (Anonymous 2000) and the UK 
(Joint Health Claims Initiative 2004). 
The β-glucan content of oat and barley varies mostly between 3 and 7% (oats) 
(Wood & Beer 1998) and between 3 and 11% (barley) (Skendi et al. 2003), making 
them significant sources of β-glucan in the diet. Food products containing oats or 
barley are natural sources of β-glucan in the diet. β-glucan can also be added to 
different foods, either cereal based or others, and in this way expand the selection of 
possible sources or fibre in the diet. Commercial food products to which β-glucan 
has been added are, e.g., pasta, oat flakes and cereals and bakery products. 
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1.2.1 Physical and chemical characteristics of β-glucan 
The mixed linkage (1→3)(1→4)-β-D-glucans (β-glucans) in barley and oat are 
water-soluble, high molecular-weight polysaccharides (Wood 1986). β-glucans 
result in viscous and shear thinning solutions even at quite low concentrations 
(Wood and Beer 1998). Therefore, they are suitable alternatives for thickening 
agents in foods, e.g. beverages (Temelli et al. 2004), sauces, salad dressings and 
ice creams (Wood 1986). For example, at above a 0.5% concentration, barley  
β-glucan was found to produce a higher viscosity than pectin at the same 
concentration (Temelli et al. 2004). 
The viscosity of β-glucan depends on the molecular weight, solubility and 
concentration (Autio 1996, Wood and Beer 1998, Wood et al. 2000). Oat  
β-glucans generally have a higher molecular weight than barley β-glucan (Wood 
et al. 1991, Autio 1996, Beer et al. 1997a). This difference between barley and 
oat β-glucan is relevant to consider in their behaviour in foods (Brennan and 
Cleary 2005). However, as regards the physiological characteristics of oat and 
barley β-glucans, they have been reported to have a quite similar efficacy 
(Delaney et al. 2003, Hallfrisch et al. 2003b).  
1.2.2 Health effects of β-glucan 
The health effects of oat and barley β-glucans have been studied since the 1970s. 
The cholesterol-lowering capacity of β-glucan and its ability to balance post-
prandial blood glucose and insulin response has been extensively studied. Two 
meta-analyses by Ripsin et al. (1992) and Brown et al. (1999) have shown that 
oat β-glucan reduces elevated blood cholesterol levels. In Tables 2 (cholesterol-
lowering capacity) and 3 (blood glucose response), a selection of studies 
conducted since 1990 is presented in more detail. They include studies 
performed both with oat and barley products, as barley β-glucan has also shown 
physiological efficacy, although the number of studies conducted with barley is 
much smaller than that of studies with oat products. In fact, oat and barley β-glucans 
have been reported to be equally effective (Delaney et al. 2003, Hallfrisch et al. 
2003b).  
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The amount and source of β-glucan in all of these studies has varied, but on 
average the quantities have been under 10 g of β-glucan per day (Table 2) or per 
single portion (Table 3). Oat bran and oat bran concentrate have been quite 
commonly used sources of β-glucan. Most of the studies on the cholesterol-
lowering effect have been performed with hypercholesterolemic subjects. In the 
majority of the studies, the β-glucan preparation has been described only very 
briefly and the data about its molecular weight are missing in almost every 
study. It would be of some value to compare the results of different studies in 
relation to the molecular weight of the β-glucan preparations used. 
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At the moment, the Food and Drug Administration (FDA) in the USA allows the 
use of a generic health claim for oat and oat products mentioning the cholesterol-
lowering effect of soluble fibre (β-glucan) and the reduction in the risk of 
coronary heart disease (FDA 2004). In one portion, there has to be at least 0.75 g 
of β-glucan and from a minimum of four portions it is possible to get 3 g of 
β-glucan per day. In Sweden, the code of practice concerning health claims also 
defines the minimum amount of oat β-glucan in one portion (0.75 g) or per day 
(3 g) (Anonymous 2004). In Finland, the National Food Agency allows a 
cholesterol-related health claim for oat flakes and oat bran if the product 
contains at least 5 g β-glucan per 100 g product (Anonymous 2000). In the UK, 
the Joint Health Claims Initiative allows a generic cholesterol-related claim 
relating to whole oats, oat bran, rolled oats and whole oat flour if the product 
contains at least 0.75 g β-glucan per serving, which is a quarter of the suggested 
daily intake (3 g) (Joint Health Claims Initiative 2004). 
Although barley also contains significant amounts of β-glucan and it has been 
proven to have health effects, these regulations currently cover only β-glucan 
from oat. It remains to be seen if barley β-glucan will be included in the health-
claim regulations in the future. 
The viscosity of β-glucan is believed to be extremely important for its 
physiological efficacy. The size of the β-glucan molecules is an important 
characteristic of β-glucan, because the viscosity depends on the concentration, 
solubility and molecular weight of β-glucan (Autio 1996, Wood et al. 2000, Wood 
2002). In a study by Ajithkumar et al. (2005), the molecular weight of β-glucan in 
selected oat cultivars varied between 1 250 000 and 1 780 000. Therefore it could 
roughly be defined that β-glucan with a molecular weight over 1 000 000 is 
unprocessed and high, and β-glucan with a molecular weight under 200 000 is 
strongly degraded and can be regarded as a low molecular weight β-glucan, not 
contributing strongly to viscosity. β-glucan with a molecular weight between 
200 000 and 1 000 000 is degraded but still produces viscosity. 
High molecular weight β-glucan produces higher viscosity than low molecular 
weight β-glucan at the same concentration. High viscosity (Wood et al. 1994) 
and high molecular weight (Wood et al. 2000) of β-glucan have both proved to 
be crucial for a decrease in the post-prandial glucose response. Wood (2002) 
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concluded comprehensively that the efficacy of β-glucan is dependent on four 
features, namely its dose, viscosity, molecular weight and solubility. 
The potential physiological mechanisms behind the efficacy of β-glucan are 
suggested to be its ability to retard the absorption rate of food in the intestine due 
to increased viscosity, in this way balancing the post-prandial glucose and 
insulin response (Würsch & Pi-Sunyer 1997, Wood 2000, Jenkins et al. 2004). 
In addition, Gallaher and Hassel (1995) and Jalili et al. (2000) concluded in their 
reviews that increased viscosity in the small intestine interferes with cholesterol 
absorption or re-absorption, in this way affecting the cholesterol balance and 
synthesis in the body. 
Not many human studies have been conducted showing possible adverse effects 
of a diet rich in β-glucan. Hallfrisch and Behall (2003a) concluded that 
consumption of oat or barley flour or extract was not related to any particular 
gastrointestinal symptoms. 
1.2.3 β-glucan as an ingredient in processed foods 
The food matrix and/or processing of the food in which β-glucan is incorporated, 
affects its physiological effectiveness. Processing may affect the molecular 
weight and solubility of β-glucan (Beer et al. 1997b) and therefore influence its 
physiological efficacy. High molecular weight β-glucan is particularly sensitive 
to processing. Freezing has not been found to affect the molecular weight of 
β-glucan (Beer et al. 1997b, , Suortti et al. 2000, Kerckhoffs et al. 2003), but it 
decreases the solubility of β-glucan (Beer et al. 1997b). On the other hand, 
heating makes β-glucan more soluble (Bhatty 1992, Jaskari et al. 1995) and 
enhances its physiological efficacy. 
It is essential to consider the influence of food processing on the characteristics 
of β-glucan, because differences between food products in their cholesterol-
lowering effects have been observed. Maier et al. (2000) compared five different 
ways to provide extra fibre to the diet and they found that an oat bran muffin 
increased LDL (low-density lipoprotein) cholesterol levels while the other four 
intervention foods (amaranth muffin, oat bran, oat bran flakes and a variety of 
oat bran products in the diet) reduced LDL cholesterol as expected. Similarly, a 
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study comparing bread, cookies and a drink as carrier products showed orange 
juice with β-glucan to lower LDL cholesterol while bread and cookies did not 
(Kerckhoffs et al. 2003). The baking process of bread decreased the molecular 
weight of β-glucan but it was not a clear reason for the lack of effect and, in 
particular, did not explain the ineffectiveness of cookies that contained a 
relatively high molecular weight β-glucan. 
Previously, the effect of processing on the physiological efficacy has not been 
taken into account in the labelling rules for foods containing β-glucan and the 
regulations have been based only on the amount of β-glucan in the food. 
However, currently, in the Swedish health claim code of practice for the food 
sector (Anonymous 2004) this is taken into consideration by requiring a 
substantiation of the cholesterol-lowering effect after processing of raw 
materials rich in β-glucan. 
1.2.4 Technological challenges in developing foods with added 
β-glucan 
The viscosity of β-glucan may be problematic regarding the sensory quality of 
the foods containing β-glucan, but on the other hand it has been found to be 
important for the physiological effectiveness of β-glucan. The concentration of 
β-glucan in, e.g., beverages cannot be very high or the increasing viscosity 
makes the product undrinkable. In addition, the typical slimy texture of β-glucan 
in the mouth may be unacceptable in some products. Oat has a relatively high fat 
content compared to other grains and it easily develops a rancid off-flavour in 
unfavourable conditions (Welch 1995). Products that have a lower viscosity due 
to a lower molecular weight or a low concentration of β-glucan may have more 
acceptable sensory characteristics, but may not be physiologically efficacious. In 
developing foods with a high β-glucan content, this balance between a 
satisfactory sensory quality and health effects has to be kept in mind (Brennan 
and Cleary 2005). A food manufacturer should try to minimise the factors that 
reduce the solubility and molecular weight of β-glucan (Anttila et al. 2004). 
Under research conditions, volunteers have rated their liking for test foods 
containing β-glucan. An oat-based soup with two different flavours was accepted 
quite well among participants, who consumed it 12 times daily for 23 weeks, as 
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only one participant left the trial before the end (Rytter et al. 1996). In a study by 
Önning et al. (1999), a blackcurrant flavoured oat milk was quite well liked 
(total liking was 7.2 on a scale of 19) among the volunteers and it did not differ 
from its counterpart (rice beverage with the same flavour) at a single evaluation. 
The sensory quality of a flavoured oat-based fermented product was acceptable 
(overall acceptability was 4.45.2 on a scale of 09) to a semi-trained sensory 
panel compared to flavoured, commercial yoghurt or non-dairy products (overall 
acceptability was 5.66.0 on a scale of 09) (Mårtensson et al. 2001), but this 
was only a simple taste test, not a long-term study. In a study by Mårtensson et 
al. (2005), volunteers participating in a trial consumed three servings (200 ml 
each) of β-glucan containing test products or a dairy-based control product for 5 
weeks. The dairy-based product was more preferred than the oat products (the 
overall impression for the dairy-based product was 7 on a scale of 19 and for 
oat products 4), but the overall impression of one of the oat products improved 
during the test period from 4 to 6 points on a scale of 19. A similar effect was 
found in the study of Biörklund et al. (2005), where the total impression of the 
beverage samples with 5 or 10 g of barley or oat β-glucan increased during the 
test period (not indicated how much). In their study, the beverages with 10 g 
barley or oat β-glucan were rated lower (3.6 and 3.3 points on a scale of 19, 
respectively) than beverages with 5 g barley or oat β-glucan (5.5 and 5.4 points 
on a scale of 19, respectively), indicating that the increasing concentration of 
β-glucan impaired the sensory quality of the beverages. 
Of course, well-designed consumer studies are certainly needed for defining the 
actual consumer acceptance of foods with a high β-glucan content, taking into 
account the various factors affecting the choice of functional foods. The crucial 
point is the long-term acceptance of these products and their sustained use in 
order to ensure the regular consumption of the required daily amount of β-glucan 
for achieving the health effects. A wide selection of different products 
containing β-glucan could help their versatile and easy use. 
1.3 Factors influencing the acceptance of foods with 
health-related claims 
Foods that contain sufficient β-glucan to have a health effect can be considered 
as functional foods and they could be marketed with health-related claims. The 
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European Consensus Group in an EU-funded project FUFOSE has presented a 
commonly used definition for functional foods: Functional foods are 
satisfactorily demonstrated to affect beneficially one or more target functions in 
the body, beyond adequate nutritional effects in a way that is relevant to either 
an improved state of health and well-being and/or reduction of risk of disease 
(Diplock et al. 1999). In Finland, the National Food Agency does not yet have a 
national definition for functional foods (Anonymous 2002) and for now it 
accepts the above-mentioned definition.  
In an EU-funded PASSCLAIM project (The Process for the Assessment of 
Scientific Support for Claims on Foods), based on the FUFOSE project, a 
consensus view of the criteria that should be met for making valid health claims 
was developed (Aggett et al. 2005). According to the criteria, the following main 
points should be met for assuring that the health claims made are based on 
adequate scientific data and are thus valid: The food for which a claim is made 
must be characterised and the substantiation of the claim must be based on human 
data. Biologically and methodologically valid markers are to be used if the true 
endpoint of the benefit cannot be measured and the change in target variable 
should be statistically significant and biologically meaningful. All of the available 
data should be taken into account when assessing the validity of a claim. 
In this thesis, the concept of functional foods is used in a broad sense, and 
includes foods that are marketed with health-related claims, whether the health 
effects have been scientifically proven or not. For example, in most of the 
studies that have investigated consumer responses towards functional foods, the 
products have not been tested regarding their actual health effect although they 
are labelled with health claims in the study situation. 
In Finland, there are consumers who question the concept of functional foods 
and the trend of developing them (Niva et al. 2000). They are suspicious about 
the general tendency to emphasise the health aspects over the pleasurable and 
social aspects of foods. On the other hand, there are consumers who are 
interested in new foods with health effects and the possibility of staying healthy 
without drugs by using them (Niva et al. 2000). Finnish consumers could be 
divided into three groups with different attitudes towards functional foods: 
trustful, unconcerned and doubtful consumers (Niva et al. 2003). Trustful and 
unconcerned consumers shared positive attitudes towards functional foods 
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whereas trustful and doubtful consumers both considered control and regulation 
to be important factors. 
Consumer expectations towards functional foods may be controversial. 
Consumers require products that are developed using technology but are still 
natural and untreated (Niva et al. 2003). In addition to product-specific factors 
and individual factors, acceptance of these products is influenced by the general 
discussion of trends in nutrition and food policy, food production and concepts 
of the healthiness of food (Niva et al. 2003). The general atmosphere is culture 
dependent and varies from country to country. Dieticians and medical doctors 
are in important positions regarding their opinions on functional foods. They 
have a significant influence on their patients and their own personal views on 
functional foods affect the advice they give to their patients. In a Dutch study, 
dieticians were somewhat sceptical about the use of functional foods and they 
were uncertain about the usage, safety, efficacy and target groups of the products 
(de Jong et al. 2004). Yet, 69% of the respondents thought that functional foods 
could improve particular body functions and 49% felt that functional foods can 
play a role in a healthy diet.  
Only regular consumption of functional foods confers health benefits on 
consumers. Regarding functional foods containing β-glucan, the sensory quality 
of the products and information linked to them are key factors affecting the 
acceptance of the products. Individual attitudes, motivation factors and some 
demographic variables such as gender and age are also related to functional food 
choices. An additional product characteristic, price, is also relevant. In the 
following sections, these product-specific and individual factors affecting the 
use of functional foods, particularly foods that are comparable to foods 
containing β-glucan, is discussed. 
1.3.1 Acceptable sensory quality 
Pleasantness of food is one of the key factors affecting food choice (Arvola et al. 
1999) and its importance dominates health issues (Glanz et al. 1998, Tepper and 
Trail 1998). Taste determines also the use of nutraceutical products (Cardello 
and Schutz 2003). Consumers are not willing to compromise between poor taste 
and health effects (Tuorila and Cardello 2002). They expect an acceptable 
  38
sensory quality from functional products; in a blind tasting study, Irish 
consumers selected the juice they preferred the most as being the healthiest 
sample (Luckow and Delahunty 2004). In a Finnish laddering study, taste and 
convenience were important reasons for choice of functional foods (Urala and 
Lähteenmäki 2003). According to a Belgian study, consumers are even less 
willing to compromise on the taste of functional foods than previously (Verbeke 
2006). In addition to taste, the texture of food also significantly affects its liking 
(Moskowitz and Krieger 1995). Thus, in the development of functional foods the 
sensory quality of the product is at least equally important as the health effect. 
1.3.2 Product information and personal motivation factors 
Health claims connected with functional foods influence the acceptance of such 
foods. In fact, as the health benefit cannot usually be detected in the buying 
situation or immediately after the consumption of a functional food, information 
is the only way to communicate about the additional value of the functional 
product for consumers. Thus, information about the product can enhance the 
perceived benefit experienced from using the product (Bech-Larsen and Grunert 
2003) and can therefore favourably affect its acceptability, for example in terms 
of willingness to use and buying the product. In their study, the effect of the 
health claim was positive in all three countries: Denmark, Finland and the USA. 
In a study by Bower et al. (2003) on fat spreads, information about the 
nutritional benefit, the name of the product and the price had a significant effect 
on buying intention. Kihlberg et al. (2005) observed that health information 
(Product has a cholesterol-lowering effect) increased the liking of bread among 
Swedish consumers. 
The increasing strength of a health claim does not necessarily have an effect on 
the perceived benefit of the product and it depends on the familiarity of the 
functional component (Urala et al. 2003). In their study, Finnish consumers 
evaluated eight different health related claims, each presented on four strength 
levels. For example, the level 1 claim was Product contains plenty of added 
fibre and the level 4 claim was The added fibre in the product prevents 
cancer. If the functional component was familiar, the increasing strength of the 
claim did not increase the perceived benefit but if the component was less 
familiar, the perceived advantage improved with the increasing strength of the 
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claim. According to Bech-Larsen et al. (2001), 71% of Danish consumers, 73% 
of Finns and 53% of Americans consider themselves to be aware of the health 
effect of fibre. Thus, fibre can be regarded as quite a familiar component for 
consumers and therefore a less strong health claim could be sufficient for 
informing consumers about the health effects of fibre-rich foods. However, 
β-glucan is probably not as familiar a concept as fibre in general. 
The efficacy of product information is not constant in all cases and for all 
consumers. Consumers attitudes and personal needs define what information is 
noted and if and how these new beliefs are incorporated into consumers 
knowledge systems (Lähteenmäki 2003). The type of consumers nutrition 
knowledge has also been shown to have an effect on intended consumption of a 
functional food (Wansink et al. 2005). Those who had both attribute-related 
knowledge (e.g. This food contains β-glucan) and consequence-related knowledge 
(e.g. β-glucan reduces your risk of coronary heart disease) of functional foods 
were more willing to consume these products compared to those with only one 
type of information. 
Consumers with health problems have been found to seek specific nutrition 
information that has relevance to them (Bhaskaran and Hardley 2002). For 
example, those who had high cholesterol levels were looking for cholesterol-free 
foods. An ill family member had a positive effect on the likelihood of 
acceptance of functional foods (Verbeke 2005). Information about the fibre 
content of a food was relevant for the elderly who were concerned about their 
fibre intake and thus it increased their purchase intent, contrary to younger 
consumers (Tuorila et al. 1998). The perceived reward from using functional 
foods is the best predictor for willingness to use such foods (Urala and 
Lähteenmäki 2004). 
1.3.3 The role of carrier product 
The nutritional quality of the carrier product defines more how consumers 
perceive the healthiness of functional foods than the health claim attached to the 
products (Bech-Larsen and Grunert 2003). Functional foods are not perceived 
only as functional foods but primarily to be members of particular product 
categories (Urala and Lähteenmäki 2003). In accordance with this, a chocolate 
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bar labelled with a health claim was not classified as a functional food but as a 
member of the chocolate product group in focus group discussions in Finland 
(Di Monaco et al. 2005). Therefore the use of functional foods cannot be 
disconnected from their traditional counterparts, and the existing health image 
of the carrier product group has an effect on consumer reactions towards the 
modified product. In a Finnish study, butter with a health claim about the 
positive health effect of conjugated linoleic acid was not accepted because butter 
itself has a negative health image in Finland (Lähteenmäki 2000). Because of 
this, a positive message attached to butter was regarded as false and irrelevant. 
In addition to this, a very healthy product does not necessarily benefit from the 
addition of a functional component. If a product is perceived to be healthy as 
such, the added functionality does not necessarily make the product healthier in 
consumers minds compared to some other products (Bech-Larsen and Grunert 
2003). However, enriching a product with a compound already present in the 
product makes it acceptable to consumers. Danish consumers were most positive 
about functional foods that were enriched with a compound already existing in 
the product at lower concentration, e.g. enrichment of oat flakes with extra 
β-glucan (Poulsen 1999). 
A discrepancy may exist between the opinions and views of consumers, food 
technologists, nutritionists and marketing professionals as regards successful and 
attractive carrier products and functional food concepts. Van Kleef et al. (2002) 
tested 300 mini-concepts with a varying carrier product, functional ingredient 
and health claim using 50 Dutch consumers by presenting verbal and visual 
information of the concepts. In addition, they interviewed 38 experts on food 
technology, nutrition or marketing. Comparison of the results showed that the 
experts could improve their understanding concerning consumers views, 
nutritionists in particular, as the views of consumers and experts differed. For 
example, consumers did not find pills to be as attractive carriers for functional 
ingredients as did marketing professionals and food technologists. Consumers 
also found some carrier products to be more attractive than the experts, such as 
soups, chocolate, chewing gum and ice cream. 
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1.3.4 The effect of age and gender on the acceptance 
of functional foods 
In some studies, women and elderly consumers have been shown to have higher 
potential as users of functional foods. Finnish women were more willing to use 
functional products than men, except cholesterol-lowering spreads (Niva et al. 
2003). In Finland, the proportion of users of plant stanol ester margarine has 
been found to increase with age (Anttolainen et al. 2001). The elderly and 
women had a more positive attitude towards functional foods in Denmark 
(Poulsen 1999). However, opposing results exist also; Verbeke (2005) did not 
observe a gender effect in the acceptance of functional foods in Belgium and de 
Jong et al. (2003) found no difference between Dutch women and men in the use 
of cholesterol-lowering margarine. Thus, it seems that some of these so-called 
traditional demographic variables are not the best predictors for the use of 
functional foods in general, but they may be suitable for single products. 
1.3.5 Price 
Obviously the price of functional foods has an effect on their acceptance, as 
most of the consumers have restricted financial resources to use. Usually 
functional foods are more expensive than their traditional counterparts. Ollila et 
al. (2004) studied the effect of price in a representative sample of the Finnish 
population, observing it to have a key role in buying decisions of functional 
foods. Di Monaco et al. (2005) found that increasing the price reduced the 
likelihood of buying both for regular chocolate bars and chocolate bars with a 
health claim in Finland. Thus, the effect of increasing price was similar for both 
regular and functional products. Poulsen (1999) concluded that a positive attitude 
towards enriched products increased the willingness to pay more for these 
products, but he also mentioned that the role of price was not totally clear among 
Danish consumers. Among Dutch dieticians, 89% of the respondents thought that 
functional foods are expensive (de Jong et al. 2004). Their personal opinions may 
have a significant influence on the advice they give to their patients. 
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1.3.6 Aims of the study 
As the intake of dietary fibre in general is below the recommendations, new 
ways to improve it should be explored. The general nutrition education about 
increasing the use of traditional sources of fibre has not been effective enough. 
The changing food consumption patterns indicate that new ways of including 
foods rich in dietary fibre in the diet would also be needed (Figure 2). These 
products should have an acceptable product quality and high consumer 
acceptance. The general aim of this thesis was to investigate whether providing 
foods enriched with β-glucan would produce a feasible strategy for improving 
consumers dietary fibre intake (Figure 2).  
The more detailed objectives were to study: 
• how Finnish consumers perceive the role of fibre in a healthy diet and 
explore possible barriers to increasing fibre intake (I) 
• how added β-glucan influences the perceived product quality, e.g. the 
sensory characteristics of two prototype foods, namely a beverage and a 
ready-to-eat frozen soup (II and III) 
• consumer acceptability of β-glucan-containing beverage and ready-to-
eat frozen soup prototypes and the role of health related claims in three 
countries differing in their food culture and views on healthy eating (IV) 
 
 
 
 
  43
The intake of dietary 
fibre is not sufficient
How to improve the 
intake of dietary fibre?
By informing about the  
traditional sources of 
fibre and encouraging 
their use
By increasing the dietary 
fibre content of traditional
fibre sources (e.g. bread)
Sensory quality?
By understanding possible barriers to increase the intake of fibre
Technological feasibility?
Consumer acceptance
By adding dietary fibre 
into new foods (e.g. 
beverages)
Generally healthy 
fibre-rich products 
(β-glucan or other 
types of dietary fibre)
Special health effect 
(physiologically 
efficient amount of 
e.g. β-glucan)
With 
health 
claim
With 
health 
claim
Physiological functionality?  
4 
 
Figure 2. Different means to improve the intake of dietary fibre and the aims 
of the present study (shaded). 
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2. Materials and methods 
The samples and experimental protocols are described only generally in this 
section. For more detailed information see the original Publications IIV. 
2.1 General description of the studies 
Study I examined how Finnish consumers perceive the role of fibre in a healthy 
diet. Studies II and III concentrated on the sensory quality of β-glucan-
containing foods. Two prototype foods were selected for the studies, namely 
beverage and ready-made frozen soup. The aim was to examine the effect of 
different oat (II and III) and barley (III) β-glucan preparations on the sensory 
characteristics and viscosity of a beverage prototype (II) and a ready-made soup 
prototype (III) and the influence of freezing on these parameters in soups (III). 
We also reflected on the sensory results as regards the chemical and physical 
characteristics of β-glucan. Study IV investigated consumer reactions towards 
beverages and ready-made frozen soups containing β-glucan in Finland, France 
and Sweden with the objective of describing the key factors for willingness to 
use these products. The three countries were selected because they were thought 
to represent different food cultures and to display variations in consumer views 
regarding the definitions of healthy eating (Margetts et al. 1997), the perceived 
benefits of healthy eating (Zunft et al. 1997) and the perceived need to alter 
eating habits (Kearney et al. 1997). 
A beverage and a soup were chosen as examples of foods that are not naturally 
significant sources of dietary fibre but where β-glucan could be added. Although it 
may be challenging technologically to add a viscous fibre into beverages, 
beverages as vehicles for functional components are very interesting, because their 
consumption has increased during the past decades in Finland (Lahti-Koski and 
Siren 2004) and the consumption of portable beverages worldwide is increasing 
(Sloan 2004). According to Menrad (2003), it is also an important product 
category within functional foods. A ready-to-eat frozen soup is a potential product 
because of the increasing interest in ready-to-eat foods (Sloan 2005), and because 
consumers regard it as an interesting carrier product (van Kleef et al. 2002). 
Table 4 presents in detail the aims, samples and participants. 
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2.2 Samples (Studies IIIII and IV) 
2.2.1 β-glucan preparations used in Studies IIIV 
The β-glucan preparations used in Studies IIIV varied in their molecular weight 
between 40 000 and 2 000 000 (Table 3). The preparations were not identical in 
any of the studies, but, for example, preparation BG2 in Study II and Oat 1 in 
Study III were quite similar, oat-bran-type preparations, and preparation BG3 in 
Study II and Oat 2 in Study III were also quite similar, more processed 
preparations. Due to practical reasons (e.g. timetable of the studies), it was not 
possible to use the same preparations in each study, as the product is quite 
sensitive and not suitable for storing over a long time. 
The suppliers of the preparations were the same in each study. The name of the 
company supplying the dry milled oat bran in Studies II and III changed between 
Studies II (Avena Oat Ingredients) and III (Finn Cereal), but it actually is the 
same company. 
2.2.2 Beverage and soup samples 
The samples used in Studies IIIII and IV were either soups or beverages. 
Beverages were either orange (II) or apple-pear (IV) juice and soups were either 
roasted bell-pepper (III) or shrimp-dill (IV). In the orange beverages (II), four 
oat β-glucan preparations were used as thickeners and in the reference sample 
the thickener used was CMC (carboxymethyl cellulose). The β-glucan 
preparations were all added at three concentrations and the reference sample 
thickener at one concentration level. The samples were evaluated at room 
temperature (~20°C). 
The selection of the concentration levels of the beverage samples was based on 
preliminary tests with the preparations. Because the viscosity-forming properties 
of the preparations were quite different, the BG1 and BG2 preparations being 
different from the BG3 and BG4 preparations, compromises had to be made, as 
the target was also to form an equivalent concentration series of each preparation 
to make the comparisons between them possible. In addition, the FDA regulation 
concerning the minimum amount of β-glucan per portion (0.75 g) or 3 g per day 
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for using a cholesterol-related health claim was considered. Basically, the 
objective was to put as much β-glucan as possible into the product. 
In the roasted bell-pepper soup (III), two oat and one barley β-glucan 
preparations were added as thickeners at three concentration levels and the 
reference sample was thickened with modified starch at one concentration level. 
The samples were evaluated at +60°C. In both Studies II and III, the samples 
were evaluated at the sensory laboratory of VTT Biotechnology. The apple-pear 
beverage and the shrimp-dill soup samples in the consumer study (IV) either did 
not contain β-glucan or they contained β-glucan at one concentration level. The 
reference soup was thickened with maize starch. Consumers were advised to 
taste the beverage samples at refrigerator temperature and the soup samples after 
heating according to instructions (at circa +6080°C) at home. For more detailed 
information about the samples, see Table 4 or the original publications. 
The carrier foods used in Studies IIIV were the same, beverages and soups, 
although different flavours were used. In Study II, orange flavour was chosen, 
because it is a relatively familiar and neutral flavour and thus it did not 
excessively dominate the evaluation of the beverage samples. In Study III, the 
tomato-based roasted bell-pepper soup was considered suitable; as the β-glucan 
preparations were added to the soup base separately at VTT Biotechnology, for 
practicality, a homogenous soup was convenient. In Study IV, the apple-pear 
beverage sample and shrimp-dill soup sample were prepared on an industrial 
scale and the selection of the flavours was based on practicalities. In addition, 
these samples were used in clinical trials (not conducted by us), and the selection 
was also made from this point of view. 
In Study IV, the use frequency of five different beverage types and five different 
soup types was rated in each country for screening the use frequency of the 
product categories (beverages and soups) in the study population. Some 
differences between countries existed between different types of beverages and 
soups, but, in general, respondents were users of the target products. 
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2.3 Participants 
The participants were trained sensory panellists from VTT Biotechnology (II, III, 
IV) or consumers (I, IV). The trained sensory panellists in Studies II, III and IV 
created the vocabulary for evaluation of the samples and conducted a descriptive 
analysis. Panellists were staff of VTT Biotechnology and all were permanent 
members of a trained in-house panel with experience in sensory evaluation. 
The panellists who developed the sensory vocabulary for the descriptive analysis 
of the samples (II, III, IV) were long-term (several years or more) members of 
the trained in-house panel at VTT Biotechnology. In Studies IIIV, the 
vocabularies for beverages and soups were developed by the same three or four 
panellists, although the fourth or fifth panellist was different for practical 
reasons. These panellists were experienced with the profiling of different types 
of foods, including beverages. The members of the whole sensory panel used in 
Studies IIIV completed and passed basic taste tests before joining the panel, 
and they also received education about the basic elements of sensory evaluation 
routines and methods. The new panel members participate in the evaluations as 
extra assessors whose ratings are omitted from the results. After three training 
sessions with a certain method (e.g. descriptive analysis) and fulfilling the 
criteria that the results of the particular panellist are within a prescribed range 
from the panel mean for 80% of the attributes in the descriptive analysis, they 
are included as full panel members. After this, in each project, the panel 
performance is monitored and further training and feedback are given. 
The perceived role of fibre in a healthy diet was studied among Finnish 
consumers (I). A convenience sample of respondents was recruited from 
libraries, indoor swimming pools and shopping centres, places that are accessed 
by heterogeneous individuals. In Study IV, consumers in Finland, France and 
Sweden rated the liking and beneficiality of the samples and willingness to use 
and pay for them and filled in a background questionnaire. In all countries, the 
respondents were users of the target products. In this study, the Finnish 
convenience sample of consumers was recruited from shopping malls, sports 
centres, fire stations and from VTT (Technical Research Centre of Finland), 
because these locations are visited by individuals with different backgrounds. In 
France and Sweden, volunteers were recruited from consumer panels. In France, 
the collection of the data was carried out in three regions (the west and south-
 49 
east France and in Paris) to ensure a better representation of French consumers. 
The consumers were selected from a consumer database that was organised by a 
French food research institute. Unfortunately there is a lack of detail about the 
panel as a whole. In Sweden, the entire consumer panel comprises 
approximately 2300 members of whom 70% are women and 30% men, and who 
are aged between 18 and 75 years. The panellists are from southern Sweden, 
including both families with children and single households. The panel was 
recruited in the beginning of the year 2002 by advertising in local newspapers. 
The target age group of the respondents in our study was 40 years or over, 
because they are more likely to be interested in these products than younger 
consumers, who do not need to think urgently about disease risk factors related 
to ageing. In Table 4 and in original publications IIV, the participants are 
described in more detail. 
2.4 Procedure and methods 
In Study I, a semi-structured interview was used as the study method. Questions 
concerned the respondent's perceptions of a healthy diet, the function, sources 
and required amount of dietary fibre, information about dietary fibre and the use 
of bread (bread-related results were not reported in Study I). The respondents did 
not know, prior to the interview, that the actual theme of interest would be 
dietary fibre as they were told that the theme was health in general. Background 
information on socio-demographic factors and the health condition of the 
participants was collected and respondents also completed a fibre intake test 
(The Finnish Bread Information 1999) for assessing dietary fibre intake (Study I, 
Appendix 1). The fibre test (The Finnish Bread Information 1999) used in Study 
I is a quick, self-administered tool for estimation of dietary fibre intake. It is 
possible to roughly estimate respondents intake of fibre with the test and it can 
be used for dividing respondents into different fibre intake- categories, or to 
monitor changes in respondents fibre intake. Each point in the test 
approximately equals the amount of food product that contains 1 g of fibre, but 
the test is too rough for direct conversion of points into grams of fibre. However, 
the classification of respondents into different categories according to their self-
estimated fibre intake was thought to be appropriate. The fibre test has been 
validated with food diaries (Wegelius, unpublished data). 
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In Studies IIIV, the sensory evaluation of the samples was conducted with 
generic descriptive analysis (Lawless and Heymann 1998). The vocabulary was 
developed in one session in each study and a panel trained in three (II) or two 
(III) or one (IV) training sessions, the length of each session being about 30 min. 
The actual evaluations were conducted in eight (II) or twelve (III) or two (IV) 
sessions (including the replicate sessions) with blind-coded samples in the 
sensory evaluation laboratory at VTT Biotechnology, using a computerised data-
gathering system (Compusense Inc.). Detailed instructions to the panellists for 
conducting the evaluations were used in each evaluation session. They included 
instructions on how to conduct the evaluation of the samples for each attribute. 
As an example, in Study II, the attribute Thickness of the beverage in the 
mouth was to be evaluated in the following way: Evaluate the thickness of the 
beverage in the mouth by moving it around with your tongue. An example of a 
not at all thick beverage is water or juice, and an example of an extremely 
thick beverage is syrup or a thick fool. 
Constant rate measurement of viscosity as a function of shear rate was 
performed from the same samples evaluated by the sensory panel (II and III) 
with a StressTech rheometer at shear rates 16.4157 s-1  at +20°C (II) or at 
+60°C (III). 
In Study IV, consumers in Finland, France and Sweden evaluated their liking, 
perceived beneficiality and willingness to use the beverage or soup samples and how 
much they were willing to pay for them before and after tasting. They also 
completed a background questionnaire containing questions about demographic 
variables, general liking and use frequency of different soups and beverages, and 
health-related and attitude questions (attitude results were not reported in Study IV). 
2.5 Data analysis 
The data were analysed using the standard statistical procedures as described 
individually in Studies IIV. 
In Study I about consumer perceptions of dietary fibre, the content of the 
responses were first analysed and preliminarily categorised by the interviewer, 
after which all the authors jointly discussed the categorisation and some changes 
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were then made before making the final categorisation. The frequency 
distributions were tested using the χ2-test. The consumer data of Study IV were 
analysed using General Linear Model (GLM) Repeated Measures analysis to test 
the differences between samples in liking, perceived beneficiality and 
willingness to use them before and after tasting, and whether there would be 
differences between countries. In addition, the willingness to use samples among 
different age groups and by gender before and after tasting was tested using 
GLM Repeated Measures analysis. If significant differences were found in GLM 
Repeated Measures Analyses, further analyses were performed either using 
Tukeys test or Paired Samples T-test. Pearson Correlation, two-tailed, was used 
in correlation analyses. 
The effect of β-glucan source and concentration and freezing (only in Study III) 
on the differences between samples in sensory attributes was tested with 
ANOVA (Analysis of variance) in Studies II and III. In Study III, the analyses 
were run in several steps due to incomplete data. The data were incomplete 
because the concentration series of different samples varied (Oat 1: 0.25, 0.5 and 
1%; Oat 2 and Barley: 0.5, 1 and 2%), and therefore it was not recommended to 
include them in the same analysis. If significant differences were found in 
ANOVA, the differences between samples were further tested with Tukey's test 
(p < 0.05). In Study III, the effect of freezing on the instrumental viscosity at a 
shear rate of 50 s-1 was analysed using the paired samples T-test. The relationships 
between sensory attributes and the instrumental measurements (viscosity and 
molecular weight) were analysed with correlation tests in Studies II and III. In 
Study IV, the differences between the sensory characteristics of the two 
beverage/soup samples were tested with ANOVA. 
SPSS software (SPSS Inc.) was used in all statistical tests. 
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3. Results 
3.1 Consumer perceptions of a healthy diet and 
dietary fibre in it (I) 
3.1.1 Defining a healthy diet 
In Study I, which concerned consumer perceptions of a healthy diet and dietary 
fibre in it, the majority, 62%, of the respondents, defined their own diet as being 
healthy. The essential elements of a healthy diet, such as vegetables (58%), 
low in fat (34%), fruit and berries (22%) and variety (20%), were 
mentioned frequently. Thus, in theory the elements of a health-promoting diet 
are known. Only 5% of the respondents mentioned fibre as an element of a 
healthy diet, which means that dietary fibre was not spontaneously considered to 
be part of a healthy diet. 
3.1.2 Intake and sources of fibre 
We asked the respondents opinion of their fibre intake. The majority of the 
respondents (almost 75%) considered the fibre content of their diet to be 
adequate or possibly adequate. About one-fifth thought that it was 
inadequate or maybe inadequate, and 6% could not estimate the amount of 
fibre in their diet. We then compared these results with the results from a fibre 
intake test. Among those who thought that their fibre intake was sufficient, about 
40% actually had an inadequate intake of fibre and about 60% adequate. 
Noteworthy, about two-thirds of the respondents in the lowest fibre intake group 
incorrectly considered their fibre intake as being adequate/maybe adequate. The 
rest of them correctly estimated the intake as being inadequate/maybe inadequate. 
The respondents stated that bread, vegetables and fruit were the best sources of 
fibre in their diet. Respectively, based on the fibre test (I: Appendix) results, 
bread (62.3% of the total fibre intake), vegetables (10.2%) and fruit and berries 
(8.4%) were the most important sources of dietary fibre (I: Fig. 1). The role of 
vegetables, fruit and berries as fibre sources was slightly overestimated in the 
interview compared to their actual proportions in the fibre test. 
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The results were completely different when the respondents were asked to 
estimate the amount of fibre that they should consume daily. Only a quarter of 
the respondents thought they might know the amount, the estimations varying 
between 800 mg and two-thirds of the entire food intake. Consumers could not 
evaluate their fibre intake in the manner that is commonly used by nutritionists 
as a base for dietary recommendations given at food and portion level. 
Based on the results from the fibre test, about half of the respondents could be 
classified as having an adequate intake of fibre. Altogether about one-third had 
insufficient or poor intake of fibre. Although the fibre intake of men was, on 
average, higher than that of women, there was a trend indicating the presence of 
more men than women in the lowest fibre intake group, but the difference was 
not statistically significant. 
3.1.3 Perceptions of the role of dietary fibre in health 
When the respondents were asked to spontaneously describe the key elements of 
a healthy diet, only 5% mentioned fibre and 10% bread on this occasion. On 
the other hand, 68% of the respondents considered fibre as very important for 
their health when this was specially asked. There were no differences between 
age groups regarding the perceived importance of fibre for health. 
Respondents were then asked to describe why a sufficient intake of fibre was 
important for them. Bowel function (mentioned by 39% of the respondents) 
and general well-being (29%) were most often mentioned in response to this 
item. Dietary fibre was often defined by its functions: 'related to bowel/stomach 
function' (24%), 'related to digestion' (23%) and 'makes one feel full, decreases 
appetite' (12%) being the most frequent comments. Apart from these functional 
definitions, fibre was often defined by food items that the respondent thought to 
contain fibre. Vegetables (42%), cereals (33%), fruit (27%), bread (25%) and 
porridge (19%) were most often mentioned here. Thus, respondents seemed to 
be quite well informed about the sources of fibre in the diet as compared to the 
actual sources estimated with the fibre test (I: Fig. 1). 
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3.2 The effect of β-glucan on the sensory characteristics 
of beverages and soups (II and III) 
3.2.1 Sensory profiles of the samples 
Beverages and soups containing high molecular weight β-glucan (molecular 
weight 2 000 000) were thicker, slimier and more extensible compared to 
beverages and soups containing low molecular weight β-glucan (molecular 
weight 40 000200 000) at the same concentration. In particular, the thickness 
and extensibility of beverages (II: Figs. 3 & 4) and the thickness, extensibility 
and sliminess of soups (III: Figs. 24) varied to a great extent between β-glucan 
types with different molecular weights. 
Additionally, the changes as a function of concentration of β-glucan in the 
texture attribute intensities, such as thickness, sliminess and extensibility, were 
dissimilar in different preparations. In beverages, the high molecular weight 
β-glucans were more effective thickeners than low molecular weight β-glucans 
as a function of concentration. In soups, barley β-glucan increased sensory 
thickness only at concentrations ≥ 1% (III: Fig. 3) while oat β-glucan thickened 
the soup at lower levels (III: Fig. 3). 
As the result of the β-glucan concentration in thicker beverages and soups, some 
flavour attributes were suppressed. Additionally, in Study III barley β-glucan 
seemed to modify taste attributes differently than oat β-glucan; the deterioration 
of flavours with increasing β-glucan concentration was weaker in soups 
containing barley β-glucan (III: Figs. 58). 
Both in beverages and in soups, the maximum concentration of β-glucan was 
0.5% for the high molecular weight preparations because above that concentration 
the beverages and soups became too thick. With the lower molecular weight 
preparations it was possible to add 2% β-glucan to beverages and soups and still 
have a feasible thickness. 
The sensory profiles of the beverages and soups in Study IV showed that the 
beverage with β-glucan had a more intense oat flavour and weaker intensity of 
fruit aroma, total flavour intensity and sourness (IV: Fig. 2). The rancid off-
flavour in the β-glucan beverage detected by the sensory panel was notable. The 
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texture of the β-glucan beverage was thicker, more extensible, grainier and 
slimier than the beverage without β-glucan (IV: Fig. 2). Despite the off-flavour 
detected in the β-glucan beverage, the microbiological quality of the beverage 
was normal, and the same samples were used in a clinical study conducted 
elsewhere. It was then decided to use them in the consumer tests also. 
The soup with β-glucan had a less intense orange colour, the freshness of the 
aroma, the intensity of the shrimp aroma, the shrimp flavour, the dill flavour, the 
freshness of the flavour, the saltiness and the total flavour intensity than the soup 
without β-glucan (IV: Fig. 3). The intensity of the grain flavour and the possible 
off-flavour were more intense in the β-glucan soup compared to the soup 
without, but the off-flavour was much weaker than in the β-glucan beverage. 
3.2.2 The effect of freezing (III) 
Freezing the soups did not change their sensory quality (III), in practice, because 
the only difference found was a 0.5 point decrease on a scale of 010 in 
powderiness of the mouthfeel. However, freezing had a lowering effect on 
instrumentally measured viscosity, reducing it by about 30%, but this change 
was not observed in the sensory evaluation of the samples. Molecular weight did 
not notably change during freezing treatment. 
3.2.3 The link between instrumental viscosity and sensory 
characteristics (II and III) 
The correlation between instrumentally measured viscosity and sensory 
thickness was good. In beverages, the correlations were between 0.63 and 0.78 
at shear rates of 26100/s and in soups the correlation was 0.77 at a shear rate of 
50/s. Many flavour characteristics correlated negatively with the viscosity of 
beverages and soups; in beverages, these attributes were sourness, intensity of 
orange aroma and total flavour intensity and, in soups, the intensity of tomato 
flavour, saltiness, sharpness and total flavour intensity. 
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3.3 Consumers willingness to use beverages and soups 
containing oat β-glucan (IV) 
For each beverage and soup sample, the respondents rated their liking, perceived 
beneficiality and willingness to use the particular sample before and after 
tasting. These three variables were inter-dependent as the correlations between 
the variables varied between 0.65 and 0.84 (beverages) and in soups between 
0.58 and 0.82 (analysed all countries together, after tasting). Despite this, the 
results are reported separately as the variation in the variables was different as 
the correlations were not completely close to 1.0. 
Liking for the products strongly determined the willingness to use them. 
Particularly in beverages containing β-glucan, liking, and thereby willingness to 
use them, decreased notably after tasting (IV: Figs. 4 & 6). Sensory evaluation 
of the samples by a trained panel showed that the beverage with β-glucan had a 
significant rancid off-flavour (IV: Fig. 2). The expected liking and willingness to 
use and particularly the perceived beneficiality were higher in β-glucan 
beverages with a health claim (IV: Fig. 5). After tasting, liking, perceived 
beneficiality and willingness to use decreased in beverages with β-glucan. 
Despite this decline, the β-glucan beverage with a health claim (either 
cholesterol or glucose related) was still perceived to be more beneficial than the 
β-glucan beverage without a health claim. 
In soup samples, the presence of the health claim did not have a notable effect 
on liking before or after tasting but it increased the perceived beneficiality 
(before and after tasting) and willingness to use (only before tasting) compared 
to the other two samples (IV: Figs. 79). However, the differences between 
samples were very small on a scale of 17, especially in the glucose claim 
subgroup. The soups with β-glucan had much the same level of acceptance as 
the soup without β-glucan. 
3.3.1 Differences between countries 
The perceived beneficiality of beverages and soups was rated similarly in 
Finland, France and Sweden. In liking and in willingness to use beverages and 
soups, there were some differences between countries. Liking of beverages 
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without β-glucan in the cholesterol claim subgroup increased in Finland and 
Sweden after tasting but did not change in France. In soups, in the cholesterol 
claim subgroup in Sweden the sample without β-glucan was the best liked after 
tasting, while in Finland and in France all the samples were almost equally liked. 
The willingness to use beverages in the glucose claim subgroup differed between 
the three countries; after tasting, the willingness to use beverages with β-glucan 
decreased more steeply in France than in Finland and Sweden. In soups, in the 
cholesterol claim subgroup, Swedish consumers were most willing to use the 
sample without β-glucan after tasting while in Finland and in France all the 
samples were equally rated after tasting. However, these differences between 
countries were not very large. 
3.3.2 The effect of age, gender and health motivation on 
willingness to use 
Only the beverage group in Sweden showed an age effect on willingness to use. 
The youngest consumer group (≤ 48 years) was least willing to use the beverage 
with the health claim compared to the two oldest age groups. 
No considerable differences were found between womens and mens 
willingness to use beverages and soups with health claims, despite some very 
small statistically significant differences and weak interactions between rating 
time, sample and gender, and rating time, country and gender. 
A personal need to pay attention to blood cholesterol and glucose levels 
correlated weakly but significantly with an increased willingness to use β-glucan 
beverages with cholesterol/glucose-related health claims (correlation coefficients 
0.150.30), the correlations being higher after tasting. No such effect was found 
in the soup group. 
3.3.3 Willingness to pay for beverages and soups with health claims 
The respondents were asked what would be the maximum prices they would be 
willing to pay for trying and regularly using each product. Before tasting, 
consumers were willing to pay the highest price for beverages (1.20/portion; 
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250 ml) and soups (2.352.42/portion) with β-glucan and a health claim. After 
tasting, the price that respondents were willing to pay for a beverage with a 
health claim dropped dramatically, by about 2227%. Also, the prices for 
beverages with β-glucan but without a claim dropped by about 1824%. In soups 
with β-glucan, the prices decreased by about 15% after tasting. The prices 
respondents were willing to pay for beverages and soups without β-glucan fell 
also, but slightly, between 4% and 10%. It seems that respondents were not 
willing to pay more for products with health claims. 
Willingness to use a product correlated significantly with willingness to pay for 
trying or regularly buying the beverages and soup, the correlation coefficients 
varying between 0.34 and 0.52. Good correlations were obtained between 
willingness to pay to try a product and to regularly buy a product. In beverages, 
the correlations varied between 0.70 and 0.75 and in soups between 0.78 and 0.80. 
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4. Discussion 
4.1 Methodological considerations 
The semi-structured interview method was chosen in Study I because we wanted 
to gather information about consumers opinions and views on health-promoting 
diet and fibre in their own language, and to understand their perceptions as a 
whole, without prior strong hypotheses (Eskola and Suoranta 2000). The structure 
helps in keeping the interviews similar every time; however, the method is flexible 
enough to take into account differences between respondents response styles. The 
recorded interviews increased the reliability of the results as it was possible to 
check the notes written during the interview afterwards (Breakwell 2000). Content 
analysis and categorisation of the results made it possible to better find and 
describe larger issues in the data. This increases the information content and the 
meaningfulness of the data (Eskola and Suoranta 2000). 
The content analysis and preliminary categorisation of the results were done by 
the interviewer (one of the investigators), after which all the investigators jointly 
discussed the categorisation and some changes were then made. In an optimal 
situation, the content analysis and categorisation of the results would have been 
made by several people independently in order to avoid bias, which may occur if 
difficulties in interpretation exist. 
The size of the study population in Study I, 125 volunteers, was thought to be 
sufficient, as the same topics came up repeatedly, and according to a text book 
by Eskola & Suoranta (2000), it means that the data begin to reach saturation 
point. Men and women of different age groups were represented, although the 
study population had a slightly higher level of education than the Finnish 
population on average. In addition, Huotilainen et al. (2005) describe that the 
minimum number of participants in a qualitative interview study should be 1050. 
A qualitative study is useful in describing and understanding a phenomenon 
(Eskola and Suoranta 2000) but the quantitative significance of the phenomenon 
in a particular population needs to be further studied with quantitative methods. 
Because respondents did not know beforehand that their opinions on dietary 
fibre was what was of actual interest, the method improved the likelihood of 
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spontaneous reactions towards fibre, which would help in capturing realistic 
opinions of the topic. On the other hand, because the topics concerned health and 
diet, there may be a tendency to please the interviewer (Norenzayan & Schwarz 
1999) by giving socially acceptable opinions on these matters, thus positively 
biasing the opinions on fibre and a health-promoting diet. In addition, as 
participation was voluntary, it is most likely that those who are willing to 
participate in these kinds of studies differ from those who are not willing. The 
participants may be more interested in food and health than the non-participants 
and also have a better knowledge of these matters. However, only about 20% of 
all contacted volunteers refused to take part thus indicating that there was not an 
extensive selectiveness bias in the data. 
The fibre test (The Finnish Bread Information 1999) used in Study I may cause a 
slight overestimation of fibre intake because all choices increase fibre intake and 
the social acceptability of a high-fibre diet may influence the reported fibre 
intakes. However, in our study, the points gained from each selected food were 
not shown to the respondents while they were completing the questionnaire. In 
our study, the mean fibre intake points were 33 for men and 27 for women. The 
average fibre intake measured with 48-h dietary recall is 21.8 g/day for men and 
18.5 g/day for women in Finland (Männistö et al. 2003). Thus, the absolute 
points in our study were higher than measured fibre intake in an average Finnish 
population, which shows that converting the points directly into grams would 
not be valid. However, the classification of respondents into different categories 
according to their self-estimated fibre intake appeared to be appropriate 
(Wegelius, unpublished data). 
The descriptive analysis method used in Studies IIIV is suitable for defining the 
sensory characteristics of the product in detail and it produces objective 
information about the sensory attributes (Lawless and Heymann 1998). The 
reliability of the results can be improved by using replicate evaluation sessions 
and by training the panel, as was done in these studies. In addition, the use of 
warm-up samples in Studies IIIII increase panellist reliability (Plemmons & 
Resurreccion 1998) and the scales used by panellists were adjusted with these 
reference sample ratings. The results obtained by the descriptive method are 
relative, however, and comparisons between samples can be made only within 
the samples evaluated on the same occasion and by the same panel. It is not 
possible to compare for example our numeric results with the results from other 
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studies. In addition, the results obtained with a trained panel and the descriptive 
method or any other analytical sensory method do not tell which sample is the 
best or anything else about consumer preferences. 
To study consumer preferences, in Study IV, beverages and soup samples were 
tested with consumers without previous experience in sensory evaluation, the 
target age group being over 40 year-olds. The size of the study sample in Study 
IV varied between 353 and 410 in each of the countries. When our data were 
split into smaller subgroups according to different health claims, gender, age 
groups, the cell sizes of the data in most of the cases were close to 50, which has 
been suggested to be the minimum number of participants in a consumer study 
(Meilgaard et al. 1991). A convenience sample was used in Finland, and the 
recruitment locations (shopping malls, sports centres, fire stations and VTT 
(Technical Research Centre of Finland) were selected based on the fact that they 
are visited by individuals with different backgrounds. We were able to ensure 
that different education levels were represented in our data. The targeted age 
group, 40 years or over, was successfully met. It is not known how many 
consumers that were contacted refused to take part. 
Tasting the samples in the home use situation is closer to the actual eating 
situation than tasting in laboratory conditions but is not fully comparable with a 
normal food use situation, naturally. In the test situation, the role of sensory 
quality is perhaps slightly more weighted than in a normal eating situation, 
where attention is often focused on factors other than just the food. Compared to 
central location tests, more information can usually be gathered in home use 
tests because respondents have more time to complete the questionnaires 
(Meilgaard et al. 1991). A disadvantage is that researchers have no control over 
the testing situation; thus, the instructions have to be very clear and the amount 
of samples is limited in order to avoid mistakes and confusion. There may be 
differences between the liking scores from central location testing and home use 
testing, the scores obtained from home use testing being higher in many studies, 
but there is no overall consensus on which location would be the most 
appropriate (Boutrolle et al. 2005). In their study, although the scores differed 
between the two test situations, the liking order of the samples was the same in 
both tests. 
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The prototype food types chosen, a beverage and a soup, can be regarded as 
being quite familiar product types in each country, so in this respect the results 
obtained are comparable between countries. The questionnaires were translated 
from English into the three local languages: Finnish, Swedish and French. The 
translation may slightly change the meaning of the questions or they may be 
understood differently in different countries. We did not perform re-translation 
of the Finnish, Swedish and French questionnaires back into English, which 
would have improved the accuracy of the translated questionnaires. 
4.2 Consumer perceptions of a healthy diet  
and dietary fibre 
Finnish respondents in Study I mentioned similar factors as essential elements in 
a healthy diet, i.e. vegetables, low in fat, fruit and berries and  variety, as 
did respondents in the pan-EU survey (Margetts et al. 1997). Thus, in theory the 
elements of a health-promoting diet are known. 
The respondents could correctly describe the best sources of fibre in their own 
diet when asked, the most frequently mentioned sources being bread, vegetables 
and fruit, and the result corresponded well with the actual fibre sources in the 
diet estimated with the fibre test. In a nationally representative Finnish study, the 
main sources of dietary fibre were bread, fruit and berries, other cereals and 
vegetables (Männistö et al. 2003), the results being similar to those obtained in 
our study. In our study in the interview, however, the role attributed to 
vegetables and fruit and berries as fibre sources was perhaps slightly 
overestimated compared to their actual importance. In other studies, consumers 
have shown to have a fairly good knowledge of fibre sources in the diet, e.g. in 
Northern Ireland (Barker et al. 1995) and in the USA (Sobal and Cassidy 1993). 
Some studies, however, have found a lack of knowledge about fibre sources, e.g. 
in Australia (Cashel et al. 2001) and in the UK (Whichelow 1987, 1988). 
Fibre was not frequently mentioned spontaneously as a key element of a health-
promoting diet, but when it was specifically asked, almost 70% of the respondents 
considered fibre to be very important for their health. Similarly in an American 
study, fibre was considered to be very healthy among women (Oakes 2003). The 
result of our study emphasises the importance and relevance of the appropriate 
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phrasing of questions and how strongly this affects the responses. It is socially 
acceptable to regard fibre as important for health and this probably had an effect 
on the responses. The spontaneous situation, however, showed that the association 
between fibre and health is perhaps not so well realised as the link between a 
health-promoting diet and vegetables and fruit. In addition, the connection 
between a nutrient (fibre in this case) and health is understood differently than the 
link between a certain food or food group and health. 
Currently the average intake of fibre is not sufficient in Finland; the 
recommended intake is 2535 g/day (National Nutrition Council 2005) while the 
current intake is 21.8 g/day for men and 18.5 g/day for women (Männistö et al. 
2003). Based on the results from the fibre test in our study, about one-third of 
the respondents altogether had an insufficient or poor intake of fibre. In 
particular, men in the lowest fibre intake group would need special attention in 
order to improve their diets. Because the fibre intake scores are not standardised 
by energy consumption, mens absolute points in fibre intake testing may be 
higher than those of women as a result of higher total food consumption. This 
implies that the fibre density of the mens diet (g/kJ) can be considerably lower 
than that of women. Consequently, men in the lowest fibre intake group are 
likely to have a diet with very low fibre density and have a need to significantly 
improve their diet quality in this sense. In Finland, the intake of fibre per kJ is 
lower in men (2.5 g/MJ) than in women (2.9 g/MJ) (Männistö et al. 2003). 
Respondents could not estimate the amount of recommended daily fibre intake 
in the manner that is commonly used by nutritionists and also used as a base for 
recommendations given to consumers at food and portion level. This could be a 
problem in adopting dietary advice and in implementing it in practice. On the 
one hand, there is the simple and down-to-earth message about the number of 
slices of bread to be consumed daily, or the weekly consumption frequency of 
breakfast cereals, but on the other hand there is public discussion, e.g. in 
newspapers, on the recommendations in grams. For a lay person, it is difficult to 
find a connection and relationships between these two means of displaying the 
same recommendations. When possible, for example in dietary counselling, a 
tailored message based on consumers current knowledge is more effective than 
a general message (Brinberg et al. 2003). 
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The quite significant discrepancy between respondents opinions on their own 
fibre intake and the result from the fibre intake test is noteworthy. About 40% of 
those who thought that their fibre intake was sufficient actually had an 
inadequate intake of fibre. In addition, over half of the respondents in the lowest 
fibre intake group actually considered their fibre intake to be adequate/maybe 
adequate. In other words, they estimated their diet quality to be better than it 
really was. Consumers may perceive the higher fibre intake to be socially more 
acceptable and hence it affected their estimations and responses; thus, they 
wanted to emphasise the good quality of their diet. Previously, in a Dutch 
population, the self-rated consumption of vegetables and fruit was much higher 
than the objective intake measured with a food frequency questionnaire, relating 
to positive beliefs concerning fruit and vegetable consumption (Lechner et al. 
1997). Because in our study respondents overestimated fruit and vegetables as 
sources of fibre compared to their actual significance as fibre sources, it will lead 
to even more significant overestimation of dietary fibre intake if respondents at the 
same time believe that they use more fruit and vegetables than they actually do. 
This could partly explain the overestimation of dietary fibre intake. 
Overestimation of the overall quality of ones own diet has been reported earlier 
by Variyam et al. (2001) with American respondents. In their study, men, 
smokers, the higher educated and those who perceived their health status as being 
excellent had an increased probability of overestimating their overall diet quality. 
If consumers are not aware of their current consumption frequency of fibre-rich 
products, it is difficult to know how and to what extent to change their eating 
behaviour. This was suggested by Lambert et al. (2002), in the case of the five-a-
day campaign and the consumption of fruit and vegetables, to partly explain its 
low success rate in the USA and UK. The campaign, launched in the 1990s, 
aimed to increase the intake of vegetables and fruit to five portions per day. So 
far, it has had only a small effect on the consumption of fruit and vegetables on a 
national level (Lambert et al. 2002). Lambert et al. (2002) propose also that fruit, 
vegetables and other healthy foods could be promoted with appropriate labelling 
and advertising campaigns. Development and marketing of foods with additional 
β-glucan or some other type of dietary fibre with comprehensible product-
specific claims could be more effective than just campaigning for increasing use 
frequencies or amounts of traditional sources of dietary fibre. The Quaker Oats 
case in the USA showed that a health claim regarding oatmeal products and a 
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strong information campaign through electronic and print media improved the 
sale of the products and other products containing oat (Paul et al. 1999). 
In our study, fibre was perceived to be equally important for health in all age 
groups. In some other studies, older respondents have had a higher purchase 
intent for a food containing fibre (Tuorila et al. 1998) and elderly women have 
also perceived fibre as being more important for health than young women 
(Oakes 2003). However, in these studies the younger respondents have been 
clearly younger (e.g. 15 year-olds, Tuorila et al. 1998) than the respondents in 
our study, who were mainly over 40-year-olds, so in this respect the results are 
not fully comparable. Fibre was perceived important for respondents because of 
its favourable effect on bowel function and general well-being. Respondents 
defined it according to its functionality and also according to the foods they 
thought to contain fibre. These results suggest that, when providing nutrition 
counselling, it is crucial to use concrete and actively used everyday terms to 
ensure successful and effective communication. 
4.3 The effect of β-glucan on the sensory characteristics 
of beverages and soups 
At the same β-glucan concentration, the sensory texture characteristics of 
beverages and soups differed significantly depending on the type of β-glucan. In 
beverages, the molecular weight of β-glucan varied between 60 0000 and 
2 000 000 and in soups between 40 000 and 2 000 000, barley having the lowest 
molecular weight. Beverages and soups containing low molecular weight β-glucan 
were not so thick, slimy and extensible as those containing high molecular 
weight β-glucan. The results were as expected, as viscosity, i.e. the sensory 
thickness of β-glucan, is dependent on concentration and molecular weight 
(Wood et al. 2000). Because the concentrations were the same, the differences 
were caused by the varying molecular weight. The impurities of the fractions 
may also have a small effect on thickness but the role of molecular weight was 
fundamental. The strong correlations between molecular weight and thickness 
support this finding, which was reported earlier by e.g. Wood et al. (2000). 
All β-glucan fractions in the beverage samples were from oat. Thus, the 
differences in texture characteristics at the same concentration of β-glucan can 
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mostly be explained by the variation in molecular weight. In soups, the source of 
β-glucan was oat or barley. Therefore, besides dissimilar molecular weights of 
the preparations, the different texture characteristics of the soup samples can 
also be caused by the different cereal sources of β-glucan. Oat fractions 
contained higher amounts of lipids and proteins than the barley fraction, whereas 
the total dietary fibre and carbohydrate content of the barley fraction was higher 
than in the oat fractions. Components, other than β-glucan, in the preparations 
may also have an effect on the texture characteristics but probably their effects 
are less than the effect of molecular weight or cereal source of β-glucan. 
Increasing thickness suppressed flavour characteristics in beverages and soups, 
and oat β-glucan seemed to do it more than barley β-glucan. The masking effect 
of viscosity has been reported earlier (Pangborn et al. 1973, Wendin et al. 1997). 
However, other components in β-glucan fractions may also affect the taste of 
beverages and soups, since the fractions were not purely β-glucan but also 
contained other components. The level of purity varied between 13.4 g and 
34.5 g β-glucan per 100 g fraction. It is necessary to consider the effect of 
increasing thickness on flavour characteristics when developing products with 
added dietary fibre. It may be relevant to compensate for the lower perceived 
intensity of flavours with, e.g., additional flavour components in order to achieve 
the desirable flavour quality. In the study by Temelli et al. (2004), raising the 
concentration of β-glucan in an orange-flavoured beverage did not statistically 
significantly influence the flavour perception, although there seemed to be a 
trend of this. However, they operated over quite a narrow concentration range 
(0.30.7% β-glucan) compared to our samples which contained 0.252% β-glucan. 
Their β-glucan fraction was also purer, containing over 80% β-glucan, but they 
did not report its molecular weight. 
As freezing of the soups did not notably affect the sensory quality, the result 
indicates that in this respect a frozen ready-made food product would be a 
suitable alternative for β-glucan enrichment. Yet, as the instrumental viscosity 
decreased by about 30% after the freezing treatment, it would be necessary to 
investigate whether it would have an effect on the physiological efficacy. On the 
other hand, the molecular weight remained quite stable during the freezing 
treatment. This finding is similar to the study by Beer et al. (1997b). However, 
the solubility of β-glucan decreases during freezing (Beer et al. 1997b) and 
therefore may influence its physiological efficacy. Because soups are eaten 
 67 
warm, it could alleviate the problem of reduced solubility and efficacy, because 
heating increases the solubility of β-glucan (Bhatty 1992, Jaskari et al. 1995). 
The efficacy of β-glucan as a thickener and the influence of molecular weight on 
viscosity is a two-sided matter. On the one hand, as high molecular weight 
β-glucan is an effective thickener, it is required in smaller amounts than low 
molecular weight β-glucan and therefore it is cost effective. High molecular 
weight β-glucan is also physiologically more effective than low molecular weight 
β-glucan, as already mentioned, because of its viscosity-forming properties. On 
the other hand, high viscosity in food products, e.g. beverages, may be a negative 
feature in terms of sensory acceptability. Getting sufficient amounts of β-glucan 
into foods is a balance between sensory acceptability, physiological efficacy, food 
processing and also a question of price and cost effectiveness. 
4.3.1 The link between instrumental viscosity and sensory 
characteristics 
The good correlations between instrumentally measured viscosity and sensory 
thickness show a good performance by the sensory panel and it is possible to use 
instrumental viscosity measurements in estimating sensory thickness. In a study 
by Pangborn et al. (1978), viscosity measured at a shear rate of 30 rpm 
correlated very well (r > 0.9) with the sensory thickness of beverages. We found 
that viscosity measured at shear rates of both 50 s-1 (III) and 100 s-1 (II and III) 
correlated well with sensory thickness. In addition, many flavour characteristics 
correlated negatively with the viscosity of beverages and soups. The suppressing 
effect of viscosity on flavour has been discussed above. 
4.4 Consumers willingness to use beverages and soups 
containing oat β-glucan 
As expected, a liking for the products was the strongest determinant for the 
willingness to use them. This was particularly clearly seen in beverages as the 
decreased liking of beverage samples containing β-glucan most likely caused a 
decrease in willingness to use them after tasting. Evidently, the rancid off-
flavour detected by the trained panel affected liking. Taste is extremely 
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important in food choice, in general (e.g. Glanz et al. 1998, Tepper and Trail 
1998, Arvola et al. 1999), and functional foods or nutraceuticals are no 
exception (Jonas and Beckmann 1998, Cardello and Schutz 2003). Off-flavour 
of a functional food can not be compensated for by a health effect (Tuorila and 
Cardello 2002). 
The health claim conferred additional value to beverages before tasting because 
the expected liking and willingness to use and particularly the perceived 
beneficiality were higher in β-glucan beverages with a health claim. The health 
claim could not compensate for the fact that the actual taste could not fulfil the 
expectations and consequently liking, perceived beneficiality and willingness to 
use decreased after tasting. The β-glucan beverage with a health claim (either 
cholesterol or glucose related) was, however, still perceived to be more 
beneficial than the β-glucan beverage without a health claim but with the same 
sensory quality. Bech-Larsen and Grunert (2003) found health claims to have a 
positive influence on the perception of food healthiness. In a real market 
situation, a health claim for oatmeal and an information campaign increased the 
sale of it and of other oat-containing products (Paul et al. 1999). 
In soups, in general, neither the tasting of them nor the presence of a health 
claim strongly affected the responses towards the soups, but the health claim 
could give a small additional benefit. All the soup samples, with or without 
β-glucan were quite equally accepted. 
Obviously, health claims had a different effect on beverages and soups. The type 
of carrier product that is enriched and labelled with a health claim has an impact 
on consumer reactions towards it (de Jong et al. 2003). First, functional foods 
are positioned in a particular product category according to the carrier product 
and only secondly are they classified as functional foods (Urala and 
Lähteenmäki 2003). Why then had the health claim only a small effect if any on 
soups in particular? If a product is perceived to be healthy, consumers do not 
necessarily consider such a product to be more beneficial or better when 
enriched (Bech-Larsen and Grunert 2003). If a soup is regarded as a low-fat food 
(Kähkönen et al. 1995) and therefore healthy (Oakes 2003), it is difficult to add 
any benefit to it with enrichments. 
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Overall, the health claims about the specific health effects of β-glucan had only a 
rather small effect on perceived beneficiality and willingness to use the beverages 
and soups. Therefore it would be interesting to investigate what kind of effect 
could be achieved with general information about the dietary fibre content of the 
product. As consumers positively regard products with a high fibre content 
because of their perceived healthiness and nutritional value (Mialon et al. 2002), a 
message about dietary fibre in the products could also be effective, especially 
when based on consumers present knowledge (Brinberg et al. 2003). 
No significant differences between countries in liking or willingness to use the 
beverages or soups were found, and their perceived beneficiality was similar in 
all three countries. French consumers perhaps emphasised more strongly their 
dislike of beverages with β-glucan than consumers in Finland or Sweden. In 
another study, French consumers have been found to seek more pleasure from 
food and to prefer low-fat or low-salt diets less than Belgians, Americans or 
Japanese (Rozin et al. 1999). At the moment, there are not very many cross-
cultural studies on the acceptance of functional foods. In a Danish study, 
American and Danish consumers were less positive than Finnish consumers 
about the foods enriched with omega-3 fatty acids or oligosaccharides, but in all 
three countries health claims positively affected the likelihood of buying the 
products (Bech-Larsen et al. 2001). The researchers also emphasised the effect 
the enrichment type (familiar or not familiar) and the carrier product type had on 
the acceptance of the products. In another Danish study, Danish consumers knew 
less about functional foods and had more doubts about their benefits than 
English consumers (Jonas and Beckmann 1998). Thus, it seems that there may 
be some cross-cultural differences in the acceptance of functional foods, but the 
differences vary depending on the comparable populations and their characteristics 
as well as the product and enrichment type. In addition, the differences are more in 
the degree of acceptability and not a question of acceptance or non-acceptance. 
4.4.1 The effect of age, gender and health motivation 
It is understandable that the elderly would be more interested in using functional 
foods (Poulsen 1999, Anttolainen et al. 2001) as they are more likely have 
personal experience of an illnesses appearing with age than the young. In 
Australia, older consumers paid more attention to preventive actions regarding 
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dietary changes, in this way possibly influencing the disease risk (Bhaskaran and 
Hardley 2002), and this could increase their use of functional foods. 
Interestingly, in our study the effect of age on willingness to use was seen only in 
Sweden, where the group of consumers at age ≤ 48 years was least willing to use 
the beverage with a health claim. No such effect was found in other countries or in 
the willingness to use soups. It has been found that consumers in Finland and 
France share similar beliefs about the perceived benefits of healthy eating whereas 
Sweden was clustered with Denmark, Italy and Portugal (Zunft et al. 1997). In 
Finland, the extensive and systematic work at population level to lower the dietary 
risk factors of cardiovascular disease started with the North Karelia project in the 
early 1970s (Pietinen et al. 2001). Thus, the role of dietary change in preventing 
diseases has been widely discussed in Finland for over 30 years. 
We did not find any considerable differences between women and men in their 
willingness to use foods with health claims. In an earlier study with a relatively 
small number of respondents (N = 70), women have had a higher purchase intent 
of functional spread (Bower et al. 2003) but another study described men to be 
more common users of plant sterol margarine in Finland (Anttolainen et al. 
2001), and, in a third study, researchers did not find gender differences (de Jong 
et al. 2003). In general, women have been described to be more positive towards 
functional foods than men (Poulsen 1999, Urala et al. 2003). However, our 
finding is supported by those of Verbeke (2005) and de Jong et al, (2003) 
concerning the effect of gender; it does not necessarily differentiate the potential 
users of functional foods or the effect is highly product dependent. In addition, 
men suffer more from cardiovascular diseases (Statistics Finland 2003), which 
may make them more potential users of cholesterol-lowering products, because 
high cholesterol levels are one risk factor for cardiovascular diseases. 
Those respondents who perceived a strong need to pay attention to blood 
cholesterol and glucose levels were more willing to use β-glucan beverages with 
cholesterol/glucose-related health claims. The correlations were, however, quite 
low in our study. Thus, personal health-related needs may be motivating factors 
for the use of functional foods, but their contribution to willingness to use is not 
necessarily considerable, which emphasises the variety of other factors affecting 
the willingness to use the products too. Tuorila et al. (1998) have found a link 
between acceptance of food labelled as high-fibre and concern with fibre 
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intake, and Bower et al. (2003) found a relationship between high health concern 
and high purchase intention of a spread labelled with a health benefit. The 
opposite could also be the case; if a person does not perceive him/herself to have 
a particular health problem, this may prevent him/her from buying a product 
labelled with a health claim related to this health problem, because there is no 
motivation to do so. 
Interestingly, no such effect was found in the soup group. This could be 
explained by the more acceptable sensory quality of the β-glucan soups 
compared to β-glucan beverages. Because β-glucan soups were more liked than 
β-glucan beverages, they were easy to use as such and an additional motivation 
for using them was not needed for compensating for the off-flavour. Another 
explanation is the significant effect of the carrier product to which the health 
claim is attached. Urala and Lähteenmäki (2003) indicated that consumers do 
not perceive functional foods only as functional foods but foods within the 
particular product category where they belong. In addition, de Jong et al. (2003) 
observed that consumer characteristics of users of functional foods cannot be 
generalised over different food categories. 
4.4.2 Willingness to pay for beverages and soups  
with health claims 
Before tasting, consumers were willing to pay the highest price for beverages 
and soups with added β-glucan and a health claim. Thus, the functionality of the 
product was an acceptable reason for the higher price, and also consumer 
expectations towards the product were high. After tasting, the prices respondents 
were willing to pay decreased, indicating that the sensory quality of the 
products, both those with β-glucan and without, did not meet the expectations. It 
is obvious that the defective sensory quality of beverages with β-glucan caused 
this decrease for its part. In soups, the drop in the prices was not so dramatic. 
The prices estimated before tasting seemed to be quite unrealistic and did not 
correspond to the prices respondents actually would be willing to pay. 
The sensory quality of the functional products has to be acceptable for 
consumers and, only after this, are they willing to pay a certain additional price 
for the beneficial health effect. There are probably consumer groups who, given 
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any conditions, are not willing to pay extra for functional foods, but there are 
also those for whom price is not so important a determinant in making a buying 
decision (Poulsen 1999). In a Danish study, consumers were not willing to pay 
extra for products with functional benefits (Jonas & Beckmann 1998). Among 
Finns too, the price of functional foods is important in making buying decisions 
(Ollila et al. 2004). 
The correlations between willingness to use and willingness to pay indicate a 
link between these two factors but, as the correlations were only moderate, they 
measure and mean different things for consumers. A higher price is not linearly 
accepted although willingness to use a product would be strong. 
Good correlations were obtained between willingness to pay to try a product and 
to regularly buy a product, indicating that if respondents were willing to pay a 
higher price to try a product, they also were willing to pay a higher price to 
regularly buy a product. 
4.5 Feasibility of beverages and soups with added 
β-glucan 
Technologically, low molecular weight β-glucan was easier to add into a product 
at higher quantities because it produced a lower viscosity than high molecular 
weight β-glucan. Yet, high molecular weight is important for the physiological 
efficacy of β-glucan. Because of this, the addition of β-glucan into foods could 
be done from two different perspectives. The low molecular weight β-glucan 
could be added into foods as dietary fibre, in general, not considering the proven 
cholesterol-lowering and blood glucose-balancing effects and the requirements 
for achieving them. Nevertheless, β-glucan is a type of dietary fibre and the food 
with added β-glucan could be marketed as fibre-enriched. As the health claims 
about the cholesterol-lowering and blood glucose-balancing effects of β-glucan 
had only quite a small effect on their perceived beneficiality and willingness to 
use them, general information about the fibre content of the product could be 
equally effective and generate the same positive image for the product as a 
specific health claim would. 
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However, another question is whether a relatively pure fibre concentrate could 
bring the same beneficial effects as the dietary fibre in vegetables, fruit and 
cereals, although the dietary fibre intake would certainly be improved with a 
product containing added fibre. The health benefits of fibre may be mediated 
also via other compounds and substances in a diet rich in dietary fibre, because 
the mechanisms behind the health effects of dietary fibre are not completely 
understood. 
Another strategy is to add high molecular weight β-glucan as a special functional 
ingredient and aim at producing a food product with a product-specific effect 
and a health claim about the cholesterol-lowering and/or blood glucose-
balancing effects. 
Beverages and soups or similar products with added β-glucan could be 
feasible sources of β-glucan in the diet. Even at quite low concentrations, e.g. 
0.5% β-glucan, a 250-ml portion of a beverage would contain 1.25 g of  
β-glucan, which is almost half of the daily amount recommended by the FDA in 
the USA. In soups, the same β-glucan concentration in a 300-ml portion of soup 
would result in a 1.5-g dosage of β-glucan from a single portion. Hence, the 
daily intake of 3 g β-glucan could be achieved by consuming one to two portions 
of different types of foods with added β-glucan. If the β-glucan concentration 
were 2%, which it was possible to achieve with the low molecular weight 
preparations, a single 250-ml portion of a beverage would provide 5 g β-glucan 
and a 300-ml portion of soup 6 g β-glucan. 
To whom should foods with added β-glucan be targeted? Targeting them to the 
whole population would aim at increasing the dietary fibre intake at population 
level, which in turn, if successful, could have a significant effect on public 
health. Particularly, this could be a possible strategy if β-glucan were added into 
products as dietary fibre in general. However, it is essential to consider the 
possible differences in health effects arising from dietary fibre occurring 
naturally in foods and those resulting from added fibre concentrate. On the other 
hand, the products could be targeted at persons suffering from high cholesterol 
levels or diabetes, who would benefit from balanced blood glucose values if 
β-glucan were added as a special functional ingredient. In this case, these 
particular patient groups would benefit if the use of these products were 
sufficient in terms of mediating health effects, and if the quality of the rest of the 
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diet did not deteriorate. The question about an appropriate target group is a 
complex issue. Among Dutch dieticians, 9 out of 10 respondents felt uncertainty 
about the overall target groups of functional foods (de Jong et al. 2004). In 
addition, the appropriate target group from a public health perspective may be 
different from the food manufacturers point of view, taking a commercial 
approach. Further research is needed on how products enriched with dietary 
fibre affect the total dietary fibre intake in different target groups. 
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5. Conclusions 
The general aim of this thesis was to investigate whether foods enriched with a 
fibre component, namely β-glucan, would produce a feasible strategy for 
improving consumers dietary fibre intake. Both consumer aspects regarding 
dietary fibre and fibre-enriched products, and product-related factors were 
studied. 
Finnish consumers regarded dietary fibre as being important for their health. 
However, the contradiction between perceived and self-estimated intake of fibre 
can be an obstacle to improving the quality of the diet through nutrition 
education among particular groups of consumers, because the misperception 
may prevent implementation of the actually needed dietary changes. The 
contradiction may result from overestimating the use of foods rich in fibre in the 
diet, overestimating some foods as dietary fibre sources and unrealistic optimism 
concerning the quality of ones own diet. Since the results indicate that 
consumers generally have a positive attitude towards high-fibre products, 
products either naturally containing fibre or with added fibre could be 
acceptable. 
Enriching non-traditional foods with dietary fibre with a label informing on fibre 
enrichment could be a possible approach to improving dietary fibre intake, 
especially among those whose diet does not naturally contain sufficient 
traditional sources of dietary fibre. For these consumers, general nutrition 
education is not necessarily effective enough to ensure the inclusion of an 
adequate amount of traditional dietary fibre sources in the diet. 
The sensory quality of beverages and soups with added oat or barley β-glucan 
was acceptable and the sensory characteristics of the soup did not change during 
freezing. Beverages and ready-to-eat frozen soups could be feasible carriers for 
β-glucan and thus provide a non-traditional source of dietary fibre. In product 
development it is important to take into account the increasing thickness and 
suppression of flavour characteristics caused by the added β-glucan fraction 
which could be counteracted, for example, by adding some flavour components, 
and it could be interesting to study this aspect further.  
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Overall, low molecular weight β-glucan was easier to add into a product at 
higher concentrations in terms of the sensory properties, but it is important to 
bear in mind the importance of high molecular weight β-glucan for its 
physiological efficacy. One strategy could be to add β-glucan into foods as 
dietary fibre, in general, aiming only at the increased fibre content of the food, 
while at the same time keeping in mind that the health effects of fibre 
concentrates and dietary fibre naturally present in foods may differ. In this case 
the low molecular weight β-glucan could be a suitable alternative as it can be 
added into foods at higher concentrations than high molecular weight β-glucan 
and still maintain feasible sensory properties. Another approach would be to add 
high molecular weight β-glucan and aim at the specific physiological efficacy of 
these foods. 
Liking for beverages and soups was the strongest determinant for the willingness 
to use them, and therefore the taste and other sensory characteristics of foods 
with added β-glucan are key factors for the regular use of the products. The 
present study demonstrated that further research is needed for tailoring the 
sensory quality of the fibre-enriched products to make them more palatable. In 
particular, the off-flavour detected in beverages containing β-glucan showed the 
importance of the development of suitable process methods for β-glucan 
products. As the specific health claims gave only a small additional value to 
beverages and soups, general information about the fibre content of the product 
could be equally effective, because dietary fibre as such is positively linked with 
health in consumers minds. The many different characteristics of a food product 
have to be in favourable balance for consumers in order to enhance the product 
acceptability and success in the market. Healthiness of food is, however, only 
one product feature and selection criterion among many others. 
Dietary fibre-enriched foods might be valuable especially in snack and prepared 
food markets as their increasing consumption patterns could be utilised by 
offering new fibre sources in this category. However, the role of the new fibre-
rich foods in the total intake of dietary fibre should be investigated in different 
target groups before conclusions can be made about whether they provide a 
feasible strategy for improving consumers fibre intake. 
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